Rihizobiumn japonicutm cells isolated from the nodules of soybean plants (Glycine max Merr.) have been described. It has been established that the particles catalyze the reduction of nitrate to nitrite and that either DPNH or succinate serves as effective electron donor. Evidence indicates that the sequence of electron transport from DPNH involves an unidentified factor (replaced by menadione), a cytochrome, the Slater factor, nitrate reductase, and nitrate. When succinate is utilized, electron transfer appears to take place via succinic dehydrogenase, a cytochrome, and then a pathway from cytochrome to nitrate common with that utilized in reduced diphosphopyridine nucleotide (DPNH) oxidation. Investigations (5) on the possible physiological role of the nodule-nitrate reductase complex have provided considerable eviidence that the enzyme activity, as measured by the rate of nitrate reduction, is correlated positively with the capacity, or with factors associated with the capacity, to fix atmospheric nitrogen. In general the hemoglobin content of nodules from plants subjected to various treatments and the nitrate reductase activity of Rhizobium japoniicum cells obtained from nodules of the same plants are positively correlated. Since there is no evidence that nitrate is involved in the nitrogen fixing process, it has been postulated (4, 5) that the enzyme complex may be non-specific for oxidant and that some unidentified substance with the appropriate oxidation-reduction potential may serve as the natural oxidant under physiological conditions. In view of the physiological experiments reported (5) and the experimental evidence of Bergersen and Wilson (3) concerning the role of nodule hemoglobin in the nitrogen fixing process, the possibility has been considered that some form of nodule hemoglobin may serve as an electron acceptor for the complex.
In this paper we report results of experiments in which oxygen, nodule hemiglobin, and nodule oxy-
MATERIALS & METHODS
The particulate enzyme system (fig 1) was prepared by the methods described previously (4 Hemiglobin was prepared by maceration, with a cold mortar and pestle, one weight of washed nodules from soybean plants with two weights of 0.1 M phosphate buffer at pH 7.5 containing 0.001 M EDTA. The macerated nodules were shaken for 10 minutes at 25 C in order to allow the phenoloxidase to act (10) . After this the mass of the nodular tissue was removed by squeezing through cheesecloth and the fluid suspension was centrifuged for 20 minutes at 22,000 X g. The supernatant liquid was shaken again for 10 minutes at 25 C. An absorption spectrum of the preparation revealed characteristic bands of hemiglobin.
Spectrophotometric determinations were carried out with a Cary Model 11 recording spectrophotometer. Heme content of the various preparations was determined by the method of Keilin and Hartree (8) and the nitrogen content of particulate preparations was determined by a microKjeldahl procedure (7) . Oxygen cinate-dependent nitrate reduction but also catalyzes the transfer of electrons from succinate to oxygen. The inhibition of oxygen uptake by nitrate strongly suggests that 02 and nitrate are competing for electrons from a common source. The terminal activation enzymes for the two acceptors, however, are not necessarily the same. Kubo (11) has shown that nodule "hemoglobins" stimulate the uptake of oxygen by bacteriods from soybean nodules. It is the opinion of Smith (12) , however, that the stimulatory effect is indirect and does not involve hemoglobin in the electron transport process. In view of the observations of Kubo (11) an experiment was designed to test the effect of nodule "hemoglobins" on the rate of oxygen uptake by the particles from nodule Rhizobium. An experiment was conducted comparable with that outlined in figure  1 with the exception that nitrate additions were omitted and nodule "hemoglobins" at concentrations of 1.9, 19.0, and 32.0 Ag heme per ml were included in the reaction flasks. Two experiments of this type revealed no consistent effect of the "hemoglobins" on the rate of succinate oxidation. Other experiments have revealed that hemoglobin is rapidly converted to hemiglobin in the presence of the particulate system and oxygen. If one postulates an involvement of hemoglobin and oxyhemoglobin in the oxygen uptake process, the oxidation of hemoglobin to hemiglobin might interfere with the normal role of the pigment, and thus the negative results do not rule out a role of the pigment under in vivo conditions. In this regard hemoglobin and oxyhemoglobin appear to be the major constituents in nodules (9) . Bergersen and Wilson (3) have demonstrated that extracts prepared from soybean nodules will catalyze the oxidation of hemoglobin to hemiglobin by use of N2 as the oxidant. They also claim that bac- (fig 4) . In the experiment reported in figure 4 the cuvettes were filled in air. The base line, (trace a) which falls close to the zero optical density scale at all wave lengths, is the difference spectrum prior to adding succinate. Solid sodium succinate (10 mg) was then mixed with the contents of one of the cuvettes and both cuvettes were stoppered to exclude all air space. The ground glass stoppers were coated with a thin film of vacuum grease. Difference spectra were recorded at 10 minute intervals. The difference spectrum (fig 4) was recorded 40 minutes after initiating the reaction. Recordings prior to this one indicated a lag in the reaction during the first 20 minutes. Decreases in absorbance observed at 575 and 540 mA and the decrease at about 412 and increase near 430 (trace b) are conclusive evidence that oxyhemoglobin was converted to hemoglobin (see figs 2 & 3 for direct spectra of these 2 forms of the pigment) .
An experiment was conducted identical with that. reported in figure 4 with the exception that the cuvettes were filled under He. The cuvettes and a FIc. 5. A difference spectrum resulting from the conversion of oxyhemoglobin to hemoglobin in an atmospliere of He. The experiment was identical with that described in figure 4 except that both cuvettes were flushed with He (see text) and the difference spectrum (trace b) was recorded 7 minutes after mixing succinate with the mixture. The slight curvature of the difference spectrum prior to adding succinate (trace a) is a result of a slight difference in coincentrationi of the oxyhemoglohill in the two cuvettes.
beaker containing the reaction mixture were placed inside a plastic bag. The bag was flushed several times with He, andI the reaction mlixture wvas shaken intermittently during the flushing procedutire. The solution was transferred insidle the bag to the cuvettes andl the cuvettes were stopperedc, removed froml the bag. and (lifference spectra were recordledl( fig 5) . The cuvettes were returne(l to the bag and then flushed several times with He. To one cuvette 10 mg of solid sodium succinate were addecl. The cuvette was stoppered and then both cuvettes were removed from the bag for difference spectra (fig 5) . The ba-se line (fig 4) falling near the zero optical scale (trace a) is the difference spectrum prior to adding succinate to the mixture. The difference spectrum showing considerable changes in optical density near 412 and 430 mtu (trace b) was recordled 7 minutes after the reaction was initiated. In both experiments (figs 4 & 5) the changes in the spectra after adding succinate are those expected when oxyhemoglobin is converted to hemoglobin. In the experiment reported in figure 5 there was no lag in the reaction. That the time course of the conversion of oxylhemoglobin to hemoglobin is succinate-dependent is illustrated by the data plotted in figure 6 . The reaction mixture containing succinate was identical with the complete reaction mixture used in the experiment reportedI in figure 5 . 
